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INK COMPOSITION FOR ELECTROSTATIC 
INK-JET RECORDING AND METHOD OF INK-JET 

RECORDING 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an ink composition 
for electrostatic ink-jet recording and a method of ink-jet 
recording. More particularly, the invention relates to an ink 
composition for electrostatic ink-jet recording and a method 
of ink-jet recording, which enable high-quality images to be 
fixed to a recording medium at a low temperature and a high 
Speed. 

0003 2. Description of the Related Art 
0004 Known image-recording techniques in which an 
image is formed on a recording medium, e.g., paper, based 
on image data Signals include electrophotographic record 
ing, thermal transfer recording of the Sublimation type or 
melting type, and ink-jet recording. Of these techniques, 
electrophotographic recording has a drawback that the SyS 
tem is complicated and the apparatus is expensive because 
it necessitates a proceSS in which an electrostatic latent 
image is formed on a photoreceptor drum through charging 
and exposure. The apparatus itself for thermal transfer 
recording is less expensive than that for electrophotographic 
recording. However, thermal transfer recording has prob 
lems, for example, that the use of ribbons not only results in 
a high running cost but also yields a waste. On the other 
hand, ink-jet recording is advantageous in that the apparatus 
is inexpensive and an ink can be efficiently used because the 
ink is ejected only to the necessary image areas to directly 
form an image on the recording medium. Furthermore, this 
recording technique is reduced in noise generation. Ink-jet 
recording is hence an excellent image-recording technique. 
0005 Examples of ink-jet recording techniques include a 
method in which ink droplets are flown by the pressure of a 
Vapor generated by the heat of a heating element, a method 
in which ink droplets are flown by mechanical preSSure 
pulses generated by a piezoelectric element, and a method in 
which ink droplets containing charged particles are flown 
while utilizing an electrostatic field (see Japanese Patent No. 
3,315,334 and U.S. Pat. No. 6,158,844). The method in 
which ink droplets are flown by a vapor or mechanical 
preSSure has a drawback that the direction of ink droplet 
flight cannot be controlled and there are cases where it is 
difficult to precisely deliver ink droplets to the desired 
positions on a recording medium due to ink nozzle defor 
mation or air convection. 

0006. On the other hand, the method utilizing an elec 
troStatic field is capable of precisely delivering ink droplets 
to the desired positions because the direction of ink droplet 
flight is controlled by means of an electrostatic field. This 
method can hence produce an image-bearing matter (printed 
matter) having high image quality and is excellent. 
0007 For the ink-jet recording utilizing an electrostatic 
field, ink compositions comprising at least a dispersion 
medium and a charged particle comprising a colorant are 
used (see JP-A-8-291267 and U.S. Pat. No. 5,952,048). Ink 
compositions containing a colorant can be prepared as inkS 
of four colors, i.e., yellow, magenta, cyan, and black, by 
changing the colorant. Inks of Special colors, e.g., gold and 
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Silver, can also be prepared. The method of recording with 
Such ink compositions is hence useful because a color 
image-bearing matter (printed matter) can be produced. 
However, a device for fixing to paper is necessary for Stably 
outputting color image-bearing matters (printed matters) 
while maintaining a high Speed and high image quality. 
Furthermore, in ink-jet recording Systems, in which the 
dispersion medium is present in image areas and in the paper 
at the time of fixing, low-temperature high-speed image 
fixing should be realized without impairing image quality. It 
has been difficult with any of the current techniques to attain 
Such fixing which Satisfy all the requirements. 

SUMMARY OF THE INVENTION 

0008 An object of the invention, which has been 
achieved in View of the problems of related-art techniques 
described above, is to provide an ink composition for 
electroStatic ink-jet recording and a method of ink-jet 
recording which enable high-quality images to be fixed to a 
recording medium at a low temperature and a high Speed. 

0009. In order to accomplish the objects above, the 
invention provides the following. 

0010) (1) An ink composition for electrostatic ink-jet 
recording, comprising: 

0.011) 

0012) 

a dispersion medium; and 

a charged particle comprising a colorant, 

0013 wherein the charged particle contains at least 
one of an onium Salt compound and an onium Salt 
group-containing polymer. 

0014) (2) The ink composition for electrostatic ink-jet 
recording as described in (1) above, 

0015 wherein the onium salt compound is at least 
one Selected from the group consisting of an ammo 
nium compound, an OXonium compound, a Sulfo 
nium compound, a Selenonium compound and a 
phosphonium compound. 

0016 (3) The ink composition for electrostatic ink-jet 
recording as described in (1) above, wherein the onium Salt 
group-containing polymer has at least one group Selected 
from an ammonium group, an oxonium group, a Sulfonium 
group, a Selenonium group and a phosphonium group. 

0017 (4) The ink composition for electrostatic ink-jet 
recording as described in any of (1) to (3) above, 

0018 wherein the charged particle further contains 
at least a coating material that coats the colorant, the 
coating material comprising Said at least one of the 
onium Salt compound and the onium Salt group 
containing polymer. 

0019 (5) The ink composition for electrostatic ink-jet 
recording as described in (4) above, 

0020 wherein the coating material further com 
prises a polymer having a unit represented by at least 
one of general formulae (1) to (4): 
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Formula (1) 

l 
-tcl i 

CO-X-R 
Formula (2) 

-cis-- 
R21 

Formula (3) 

- (-C-R-C-O-R-O-- 
Formula (4) 

O 

| 
--C-R-O-- 

0021 in which X represents an oxygen atom or 
-N(R)-; 

0022 R represents a hydrogen atom or methyl; 
0023 R represents a hydrocarbon group having 1 
to 30 carbon atoms; 

0024 R represents a hydrogen atom or a hydro 
carbon group having 1 to 30 carbon atoms, 

0025 R represents a hydrogen atom or a hydro 
carbon group having 1 to 20 carbon atoms; and 

0026 R, R2, and R. each represents a bivalent 
hydrocarbon group having 1 to 20 carbon atoms. 
coefficient of 1.0 to 5.0. 

0027 (6) The ink composition for electrostatic ink-jet 
recording as described in (4) or (5) above, which has a 
coating material in an amount of 0.1 to 40% by weight. 
0028 (7) A method of ink-jet recording, comprising: 

0029 flying an ink droplet of an ink composition by 
using an electroStatic field, 

0030 wherein the ink composition comprises: 
0031) 
0032) 
0033 wherein the charged particle contains at least 
one of an onium Salt compound and an onium Salt 
group-containing polymer. 

a dispersion medium; and 
a charged particle comprising a colorant, 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034 FIG. 1 is a diagrammatic view illustrating the 
overall constitution of one example of ink-jet printers usable 
in the invention; 
0.035 FIG. 2 is a slant view illustrating the constitution 
of an ink-jet head in an ink-jet recorder for use in the 
invention (The edge of the guard electrode Surrounding each 
ejection nozzle is not shown for an easy understanding.); and 
0.036 FIG. 3 is a sectional side view illustrating the 
distribution of charged particles in the ink-jet head shown in 
FIG. 2, which has many ejection nozzles (the Section being 
taken in the direction of the arrows along the line X-X of 
FIG. 2). 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0037. The ink composition of the invention comprises at 
least a dispersion medium and a charged particle comprising 
a colorant, and the charged particle contains at least one 
onium Salt, in more detail, at least one of the onium Salt 
compound and an onium Salt group-containing polymer. 

0038. The ingredients constituting the ink composition of 
the invention will be explained below. 

0039 Onium Salt Compound 
0040 Examples of the onium salt compound to be used 
in the invention include an ammonium compound, an OXO 
nium compound, a Sulfonium compound, a Selenonium 
compound, and a phosphonium compound. Preferred 
examples thereof include an ammonium compound, a Sul 
fonium compound, and a phosphonium compound. 

0041) Specific examples of the onium salt compound 
comprising an ammonium compound, a Sulfonium com 
pound, and a phosphonium compound include a compound 
represented by the following general formula (I). 

(I) 
R R4 y{ 

A 

0042. In the formula, Y represents a nitrogen, Sulfur, or 
phosphorus atom. R' to R' may be the same or different and 
each represents a hydrogen atom or a hydrocarbon group. 
The hydrocarbon group represented by each of R' to R' is an 
alkyl group having 1 to 22 carbon atoms, an alkenyl group, 
an aralkyl group, an alicyclic group, an aryl group, or a 
bridged cyclic hydrocarbon group, which each may be 
Substituted. 

0043 Preferred examples of the hydrocarbon groups rep 
resented by R to R' include optionally substituted alkyl 
groups having 1 to 22 carbon atoms (e.g., methyl, ethyl, 
propyl, butyl, hexyl, heptyl, octyl, nonyl, decyl, dodecyl, 
tridecyl, tetradecyl, hexadecyl, octadecyl, eicosyl, docosyl, 
2-chloroethyl, 2-bromoethyl, 2-cyanoethyl, 2-methoxycar 
bonylethyl, 2-methoxyethyl, and 3-bromopropyl), option 
ally Substituted alkenyl groups having 4 to 18 carbon atoms 
(e.g., 2-methyl-1-propenyl, 2-butenyl, 2-pentenyl, 3-methyl 
2-pentenyl, 1-pentenyl, 1-hexenyl, 2-hexenyl, 4-methyl-2- 
hexenyl, decenyl, dodecenyl, tridecenyl, hexadecenyl, octa 
decenyl, and linolenyl), optionally Substituted aralkyl 
groups having 7 to 12 carbon atoms (e.g., benzyl, phenethyl, 
3-phenylpropyl, naphthylmethyl, 2-naphthylethyl, chlo 
robenzyl, bromobenzyl, methylbenzyl, ethylbenzyl, meth 
oxybenzyl, dimethylbenzyl, and dimethoxybenzyl), option 
ally Substituted alicyclic groups having 5 to 8 carbon atoms 
(e.g., cyclohexyl, 2-cyclohexylethyl, and 2-cyclopentyl 
ethyl), and optionally Substituted aromatic groups having 6 
to 12 carbon atoms (e.g., phenyl, naphthyl, tolyl, xylyl, 
propylphenyl, butylphenyl, octylphenyl, dodecylphenyl, 
methoxyphenyl, ethoxyphenyl, butoxyphenyl, decyloxyphe 
nyl, chlorophenyl, dichlorophenyl, bromophenyl, cyanophe 
nyl, acetylphenyl, methoxycarbonylphenyl, ethoxycarbon 
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ylphenyl, butoxycarbonylphenyl, acetamidophenyl, 
propionamidophenyl, and dodecyloylamidophenyl). 

0044) R' or R may be bonded to R or R", respectively, 
to represent an organic residue, which forms a ring in 
cooperation with the nitrogen atom. This organic residue 
may have one or more heteroatoms (e.g., oxygen, nitrogen, 
and Sulfur atoms) Examples of the cyclic ammonium group 
thus formed include ones obtained by quaternizing mor 
pholino, piperidino, pyridyl, imidazolyl, quinolyl, oxazolin, 
and the like. 

0.045 Examples of the cyclic sulfonium group include 
ones obtained by quaternizing thiophene, tetrahy 
drothiophene, benzothiophene, and thiazole groupS and the 
like. 

0.046 X represents an anion. Examples of the anion 
ingredient include halogens, monomethylsulfuric acid, and 
ions of alkyl- and arylbenzeneSulfonic acids Such as p-tolu 
eneSulfonic acid and phenylsulfonic acid. Examples thereof 
further include the various anions shown in JP-A-59 
13796O. 

0047 Onium Salt Group-Containing Polymer 

0.048 Examples of an onium salt group of the onium salt 
group-containing polymer to be used in the invention 
include an ammonium group, an OXonium group, a Sulfo 
nium group, a Selenonium group, and a phosphonium group. 
Preferred examples thereof include an ammonium group, a 
Sulfonium group, and a phosphonium group. 

0049. Examples of ingredients usable for constituting the 
main chain of the polymer include known monomerS Such as 
acrylic esters, methacrylic esters, acrylamide and analogues 
thereof, methacrylamide and analogues thereof, Vinyl esters, 
Styrene and analogues thereof, acrylic acid, methacrylic 
acid, acrylonitrile, maleic anhydride, and maleimide. 

0050 Examples of the acrylic esters include methyl acry 
late, ethyl acrylate, (n- or iso-) propyl acrylate, (n-, iso-, Sec-, 
or t-) butyl acrylate, amyl acrylate, 2-ethylhexyl acrylate, 
dodecyl acrylate, chloroethyl acrylate, 2-hydroxyethyl acry 
late, 2-hdyroxypropyl acrylate, 2-hydroxypentyl acrylate, 
cyclohexyl acrylate, allyl acrylate, trimethylolpropane 
monoacrylate, pentaerythritol monoacrylate, benzyl acry 
late, methoxybenzyl acrylate, chlorobenzyl acrylate, 
hydroxybenzyl acrylate, hydroxyphenethyl acrylate, dihy 
droxyphenethyl acrylate, furfuryl acrylate, tetrahydrofurfu 
ryl acrylate, phenyl acrylate, hydroxyphenyl acrylate, chlo 
rophenyl acrylate, Sulfamoylphenyl acrylate, and 
2-(hydroxyphenylcarbonyloxy)ethyl acrylate. 

0051 Examples of the methacrylic esters include methyl 
methacrylate, ethyl methacrylate, (n- or iso-) propyl meth 
acrylate, (n-, iso-, Sec-, or t-) butyl methacrylate, amyl 
methacrylate, 2-ethylhexylmethacrylate, dodecylmethacry 
late, chloroethyl methacrylate, 2-hydroxyethyl methacry 
late, 2-hdyroxypropyl methacrylate, 2-hydroxypentyl meth 
acrylate, cyclohexyl methacrylate, allyl methacrylate, 
trimethylolpropane monomethacrylate, pentaerythritol 
monomethacrylate, benzyl methacrylate, methoxybenzyl 
methacrylate, chlorobenzyl methacrylate, hydroxybenzyl 
methacrylate, hydroxyphenethyl methacrylate, dihydrox 
yphenethyl methacrylate, furfuryl methacrylate, tetrahydro 
furfuryl methacrylate, phenyl methacrylate, hydroxyphenyl 
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methacrylate, chlorophenyl methacrylate, Sulfamoylphenyl 
methacrylate, and 2-(hydroxyphenylcarbonyloxy)ethyl 
methacrylate. 
0052 Examples of the acrylamide and analogues thereof 
include acrylamide, N-methylacrylamide, N-ethylacryla 
mide, N-propylacrylamide, N-butylacrylamide, N-benzy 
lacrylamide, N-hydroxyethylacrylamide, N-phenylacryla 
mide, N-tolylacrylamide, N-(hydroxyphenyl)acrylamide, 
N-(sulfamoylphenyl)acrylamide, N-(phenylsulfonyl)acryla 
mide, N-(tolylsulfonyl)acrylamide, N,N-dimethylacryla 
mide, N-methyl-N-phenylacrylamide, and N-hydroxyethyl 
N-methylacrylamide. 
0053 Examples of the methacrylamide and analogues 
thereof include methacrylamide, N-methylmethacrylamide, 
N-ethylmethacrylamide, N-propylmethacrylamide, N-butyl 
methacrylamide, N-benzylmethacrylamide, N-hydroxyeth 
ylmethacrylamide, N-phenylmethacrylamide, N-tolyl 
methacrylamide, N-(hydroxyphenyl)methacrylamide, 
N-(sulfamoylphenyl)methacrylamide, N-(phenylsulfonyl 
)methacrylamide, N-(tolylsulfonyl)methacrylamide, N,N- 
dimethylmethacrylamide, N-methyl-N-phenylmethacryla 
mide, and N-hydroxyethyl-N-methylmethacrylamide. 
0054 Examples of the vinyl esters and analogues thereof 
include Vinyl acetate, Vinyl butyrate, and Vinyl benzoate. 
Examples of the Styrene and analogues thereof include 
Styrene, methylstyrene, dimethylstyrene, trimethylstyrene, 
ethylstyrene, propylstyrene, cyclohexylstyrene, chlorometh 
ylstyrene, trifluoromethylstyrene, ethoxymethylstyrene, 
acetoxymethylstyrene, methoxystyrene, dimethoxystyrene, 
chlorostyrene, dichlorostyrene, bromoStyrene, iodostyrene, 
fluorostyrene, and carboxystyrene. 
0055 Besides these, commercial polymers containing 
onium Salt groups and polymers obtained by converting 
commercial polymers into onium Salts can be used without 
particular limitations. 
0056 The weight-average molecular weight (Mw) of the 
onium Salt group-containing polymer is in the range of, for 
example, from 3,000 to 200,000, preferably from 4,000 to 
150,000, more preferably from 5,000 to 120,000. 
0057 Content of Onium Salt 
0058. The total amount of at least one of (i) an onium salt 
compound and (ii) a monomer unit having the onium Salt 
group of the onium Salt group-containing polymer is pref 
erably from 40 to 1% by weight, more preferably from 35 to 
2% by weight, further more preferably from 30 to 3% by 
weight, based on the total amount of the charged particles. 
0059) Dispersion Medium 
0060. The dispersion medium to be used in the ink 
composition of the invention preferably is a dielectric liquid 
having a high electrical resistivity, specifically 10" S2cm or 
higher. In case where a dispersion medium having a low 
electrical resistivity is used, it electrically connects adjacent 
recording electrodes to each other. Such dispersion medium 
is hence unsuitable for use in this ink composition. The 
relative permittivity of the dielectric liquid is preferably 5 or 
lower, more preferably 4 or lower, even more preferably 3.5 
or lower. Use of a dielectric liquid having a relative permit 
tivity within this range is preferred because an electric field 
acts effectively on the charged particles in the dielectric 
liquid. 
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0061 Examples of the dispersion medium to be used in 
the invention include linear or branched, aliphatic hydro 
carbons, alicyclic hydrocarbons, aromatic hydrocarbons, 
halogen-Substituted hydrocarbons of these kinds, and sili 
cone oils. Specific examples thereof include hexane, hep 
tane, octane, isooctane, decane, isodecane, decalin, nonane, 
dodecane, isododecane, cyclohexane, cyclooctane, cyclode 
cane, toluene, Xylene, mesitylene, Isoper C, Isoper E, Isoper 
G, Isoper H, Isoper L, Isoper M (Isoper: trade name of 
Exxon Chemical Co.), Shellsol 70, Shellsol 71 (Shellsol: 
trade name of Shell Oil), Amsco OMS and Amsco 460 
solvents (Amsco: trade name of Spirits), and KF-96L (trade 
name of Shin-Etsu Silicones). Such solvents may be used 
alone or as a mixture of two or more thereof. The content of 
the dispersion medium is preferably in the range of from 20 
to 99% by weight based on the whole ink composition. 
When the dispersion medium content is 20% by weight or 
higher, particles comprising a colorant can be Satisfactorily 
dispersed in the dispersion medium. When the content 
thereof is 99% by weight or lower, a necessary colorant 
content can be Satisfied. 

0062) Colorant 
0.063 As the colorant for the ink composition of the 
invention, known dyes and pigments can be used. One or 
more colorants can be Selected according to the use and 
purpose. For example, from the Standpoint of the color tone 
of image-bearing matters obtained by recording (printed 
matters), it is preferred to use pigments (see, for example, 
Ganry6 Bunsan Anteika To Hyomen Shori Gijutsu/Hyoka, 
published by Technical Information Institute Co., Ltd., Dec. 
25, 2001, 1st impression; hereinafter referred to also as 
“non-patent document 1). By changing colorants, inks of 
four colors, i.e., yellow, magenta, cyan, and black, can be 
prepared. In particular, use of pigments for offset printing 
inkS or proofs is preferred because the same color tones as 
in offset prints are obtained therewith. 
0064. Examples of pigments for yellow inks include 
monoaZO pigments Such as C.I. Pigment Yellow 1 and C.I. 
Pigment Yellow 74, disazo pigments such as C.I. Pigment 
Yellow 12 and C.I. Pigment Yellow 17, azo pigments of the 
non-benzidine type such as C.I. Pigment Yellow 180, azo 
lake pigments such as C.I. Pigment Yellow 100, condensa 
tion azo pigments such as C.I. Pigment Yellow 95, acid dye 
lake pigments such as C.I. Pigment Yellow 115, basic dye 
lake pigments such as C.I. Pigment Yellow 18, 
anthraquinone pigments Such as Flavanthrone Yellow, isoin 
dolinone pigments such as Isoindolinone Yellow 3RLT, 
quinophthalone pigments Such as Quinophthalone Yellow, 
isolindoline pigments Such as ISOindoline Yellow, nitroSo 
pigments such as C.I. Pigment Yellow 153, metal complex 
aZomethine pigments Such as C.I. Pigment Yellow 117, and 
isolindolinone pigments such as C.I. Pigment Yellow 139. 
0065 Examples of pigments for magenta inks include 
monoaZO pigments Such as C.I. Pigment Red 3, disaZo 
pigments Such as C.I. Pigment Red 38, azo lake pigments 
such as C.I. Pigment Red 53:1 and C.I. Pigment Red 57:1, 
condensation azo pigments Such as C.I. Pigment Red 144, 
acid dye lake pigments Such as C.I. Pigment Red 174, basic 
dye lake pigments Such as C.I. Pigment Red 81, 
anthraquinone pigments Such as C.I. Pigment Red 177, 
thioindigo pigments Such as C.I. Pigment Red 88, perinone 
pigments Such as C.I. Pigment Red 194, perylene pigments 
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Such as C.I. Pigment Red 149, quinacridone pigments Such 
as C.I. Pigment Red 122, isolindolinone pigments Such as 
C.I. Pigment Red 180, and alizarin lake pigments Such as 
C.I. Pigment Red 83. 
0066 Examples of pigments for cyan inks include disazo 
pigments Such as C.I. Pigment Blue 25, phthalocyanine 
pigments Such as C.I. Pigment Blue 15, acid dye lake 
pigments Such as C.I. Pigment Blue 24, basic dye lake 
pigments Such as C.I. Pigment Blue 1, anthraquinone pig 
ments such as C.I. Pigment Blue 60, and alkali blue pig 
ments such as C.I. Pigment Blue 18. 
0067 Examples of pigments for black inks include 
organic pigments Such as aniline black pigments, iron oxide 
pigments, and carbon black pigments Such as furnace black, 
lamp black, acetylene black, and channel black. 
0068 Processed pigments represented by microlith pig 
ments Such as Microlith-A, -K, and -T can also be advan 
tageously used. Specific examples thereof include Microlith 
Yellow 4G-A, Microlith Red BP-K, Microlith Blue 4G-T, 
and Microlith Black C-T. 

0069. Furthermore, various pigments can be used accord 
ing to need. For example, calcium carbonate or a titanium 
oxide pigment may be used as a pigment for white inks, and 
an aluminum powder and a copper alloy may be used for 
Silver inkS and gold inks, respectively. 
0070 From the standpoint of ease of ink production, it is 
basically preferred to use one pigment for one color. In some 
cases, however, it is also preferred to use a combination of 
two or more pigments for the purpose of color hue regula 
tion. For example, a mixture of carbon black and phthalo 
cyanine is used for black inkS. Furthermore, pigments may 
be used after having been Surface-treated by a known 
method, e.g., rosin treatment (see the above mentioned 
non-patent document 1). 
0071. The content of the colorant (pigment) is preferably 
in the range of from 0.1 to 50% by weight based on the 
whole ink composition. When the colorant content is 0.1% 
by weight or higher, the pigment amount is Sufficient to give 
printed matters a fully satisfactory color. When the colorant 
content is 50% by weight or lower, particles comprising the 
colorant can be Satisfactorily dispersed in the dispersion 
medium. The pigment content is more preferably from 1 to 
30% by weight. 
0072) Coating Material 
0073. In preparing the ink composition of the invention, 

it is preferred to disperse (reduce into particles) the colorant, 
e.g., a pigment, in a dispersion medium after the colorant is 
coated with a coating material rather than directly disperse 
(reduce into particles) the colorant. Coating with a coating 
material shields the charges possessed by the colorant and 
enables desirable charge characteristics to be imparted. In 
addition, when the ink composition is delivered to a record 
ing medium by ink-jet recording and then fixed by a heating 
device, e.g., a heater, in the invention, the coating material 
thermally melts in this fixing Step to enable efficient fixing. 
0074 Examples of the coating material include rosins, 
rosin-modified phenolic resins, alkyd resins, (meth)acrylic 
polymers, polyurethanes, polyesters, polyamides, polyeth 
ylene, polybutadiene, polystyrene, poly(Vinyl acetate), 
acetal-modified poly(Vinyl alcohol), and polycarbonates. 
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From the Stand point of ease of particle formation, preferred 
materials of these are polymers having a weight-average 
molecular weight in the range of from 2,000 to 1,000,000 
and a polydispersity coefficient (weight-average molecular 
weight/number-average molecular weight) in the range of 
from 1.0 to 5.0. From the standpoint of ease of fixing, 
polymers in which at least either of the Softening point and 
the glass transition point is in the range of from 40 to 120 
C. are preferred. One or more onium Salt group-containing 
polymers of the kind described above may constitute part or 
all of the coating material. 
0075 Polymer Suitable for use as the coating material in 
the invention is a polymer having a unit represented by at 
least one of the following general formulae (1) to (4). 

Formula (1) 

l 
-tat-i- 

CO-X- R12 
Formula (2) 

-tat-i- 
R21 

Formula (3) 

- (-C-R-C-O-R-O-- 
Formula (4) 

O 

0.076. In the formulae, X represents an oxygen atom or 
-N(R)-. R. represents a hydrogen atom or methyl. R. 
represents a hydrocarbon group having 1 to 30 carbon 
atoms. R represents a hydrogen atom or a hydrocarbon 
group having 1 to 30 carbon atoms. R represents a hydro 
gen atom or a hydrocarbon group having 1 to 20 carbon 
atoms. R, R, and R, each represents a bivalent hydro 
carbon group having 1 to 20 carbon atoms. The hydrocarbon 
groups represented by R2, R2, R1, R-2, and R may 
contain an ether bond, amino, hydroxy, or halogen Substitu 
ent therein. 

0077. A polymer having a unit represented by general 
formula (1) can be obtained by the radical polymerization of 
the corresponding radical-polymerizable monomer(s) by a 
known method. Examples of the radical-polymerizable 
monomers to be used include (meth)acrylic ester and ana 
logues thereof Such as methyl (meth)acrylate, ethyl (meth 
)acrylate, propyl (meth)acrylate, butyl (meth)acrylate, hexyl 
(meth)acrylate, octyl (meth)acrylate, 2-ethylhexyl (meth 
)acrylate, dodecyl (meth)acrylate, Stearyl (meth)acrylate, 
cyclohexyl (meth)acrylate, phenyl (meth)acrylate, benzyl 
(meth)acrylate, and 2-hydroxyethyl (meth)acrylate; and 
(meth)acrylamide and analogues thereof Such as N-methyl 
(meth)acrylamide, N-propyl(meth)acrylamide, N-phenyl 
(meth)acrylamide, and N,N-dimethyl(meth)acrylamide. 
0078. A polymer having a unit represented by general 
formula (2) can be obtained by the radical polymerization of 
the corresponding radical-polymerizable monomer(s) by a 
known method. Examples of the radical-polymerizable 
monomers to be used include ethylene, propylene, butadi 
ene, Styrene, and 4-methylstyrene. 
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0079 A polymer having a unit represented by general 
formula (3) can be obtained by the dehydrating condensation 
of the corresponding dicarboxylic acid(s) or acid anhy 
dride(s) with the corresponding diol(s) by a known method. 
Examples of the dicarboxylic acids to be used include 
Succinic anhydride, adipic acid, Sebacic acid, isophthalic 
acid, terephthalic acid, 1,4-phenylenediacetic acid, and dig 
lycolic acid. Examples of the diols to be used include 
ethylene glycol, 1,2-propanediol, 1,3-propanediol, 1,4-bu 
tanediol, 1,6-hexanediol, 1,10-decanediol, 2-butene-1,4- 
diol, 1,4-cyclohexanediol, 1,4-cyclohexanedimethanol, 1,4- 
benzenedimethanol, and diethylene glycol. 
0080 A polymer having a unit represented by general 
formula (4) can be obtained by Subjecting the corresponding 
carboxylic acid(s) having a hydroxy group to dehydrating 
condensation by a known method or by Subjecting cyclic 
ester(s) of the corresponding carboxylic acid(s) having a 
hydroxy group to ring-opening polymerization by a known 
method. Examples of the hydroxylated carboxylic acids or 
cyclic esters thereof to be used include 6-hydroxyhexanoic 
acid, 11-hydroxyundecanoic acid, hydroxybenzoic acid, and 
e-caprolactone. 
0081. The polymer having a unit represented by at least 
one of general formulae (1) to (4) each may be a homopoly 
mer made up of constituent units represented by one of 
general formulae (1) to (4) or may be a copolymer with other 
constituent ingredient(s). These polymers may be used alone 
or in combination of two or more thereof as the coating 
material. 

0082) Especially preferred examples of the coating mate 
rial include polyesters, acrylics, Styrene/acrylic copolymers, 
polyethylene, and polyurethanes. Optimal examples thereof 
include polyesters, acrylics, Styrene/acrylic copolymers, and 
polyethylene. 
0083. The content of the coating material is preferably in 
the range of from 0.1 to 40% by weight based on the total 
amount of the ink composition. When the coating material 
content is 0.1% by weight or higher, the amount of the 
coating material is Satisfied to obtain Sufficient fixability. 
When the coating material content is 40% by weight or 
lower, particles comprising a colorant and the coating mate 
rial can be Satisfactorily formed. 
0084 Dispersant 
0085. The ink composition of the invention is prepared, 
for example, through a step in which a mixture of a colorant, 
an onium salt, and a coating material is dispersed (reduced 
into particles) in a dispersion medium. It is more preferred 
to use a dispersant in order to regulate particle diameter and 
inhibit particle Sedimentation. 
0086 Preferred examples of the dispersant include Sur 
factants represented by Sorbitan fatty acid esterS Such as 
Sorbitan monooleate and polyethylene glycol fatty acid 
esterS Such as polyoxyethylene distearate. Examples thereof 
further include Styrene/maleic acid copolymers and amine 
modifications thereof, copolymers of Styrene and a (meth 
)acrylic compound, (meth)acrylic polymers, copolymers of 
polyethylene and a (meth)acrylic compound, rosin, BYK 
160, 162, 164, and 182 (polyurethane polymers manufac 
tured by Byk-Chemie GmbH), EFKA-401 and 402 (acrylic 
polymers manufactured by EFKA), and Solsperse 17000 
and 24000 (polyester polymers manufactured by Zeneca 
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Ltd.). From the standpoint of the long-term Storage Stability 
of the ink composition, polymers having a weight-average 
molecular weight in the range of from 1,000 to 1,000,000 
and a polydispersity coefficient (weight-average molecular 
weight/number-average molecular weight) in the range of 
from 1.0 to 7.0 are preferred in the invention. It is most 
preferred to use a graft polymer or a block polymer. 

0.087 Polymers especially suitable for use as the dispers 
ant in the invention are graft polymers comprising a poly 
meric component made up of constituent units represented 
by at least either of the following general formulae (5) and 
(6) and a polymeric component comprising constituent units 
represented by the following general formula (7) at least as 
a graft chain. 

Formula (5) 

s 
-at-i- 

CO-Xs. Rs 
Formula (6) 

- (-CH2-CH-) - 

21 

S X 
Ré1 

Formula (7) 
R71 

-(-CH-C-- 

0088. In the formulae, Xs represents an oxygen atom or 
-N(Rs.)-. Rs represents a hydrogen atom or methyl. Rs 
represents a hydrocarbon group having 1 to 10 carbon 
atoms. Rs represents a hydrogen atom or a hydrocarbon 

O 
- (-CH-CH sowie, 
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group having 1 to 10 carbon atoms. R represents a hydro 
gen atom, a hydrocarbon group having 1 to 20 carbon atoms, 
a halogen atom, hydroxyl, or an alkoxy group having 1 to 20 
carbon atoms. X-7 represents an oxygen atom or 
-N(R)-. R7 represents a hydrogen atom or methyl. R7 
represents a hydrocarbon group having 4 to 30 carbon 
atoms. R-7 represents a hydrogen atom or a hydrocarbon 
group having 1 to 30 carbon atoms. The hydrocarbon groups 
represented by Rs and R7 may contain an ether bond, 
amino, hydroxy, or halogen Substituent therein. 
0089. The graft polymers can be obtained by polymeriz 
ing a radical-polymerizable monomer corresponding togen 
eral formula (7) preferably in the presence of a chain 
transfer agent, introducing a polymerizable functional group 
into an end of the resultant polymer, and further copolymer 
izing therewith a radical-polymerizable monomer corre 
sponding to general formula (5) or (6). 
0090. Examples of the radical-polymerizable monomer 
corresponding to general formula (5) include (meth)acrylic 
ester and analogues thereof Such as methyl (meth)acrylate, 
ethyl (meth)acrylate, propyl (meth)acrylate, butyl (meth 
)acrylate, hexyl (meth)acrylate, cyclohexyl (meth)acrylate, 
phenyl (meth)acrylate, benzyl (meth)acrylate, and 2-hy 
droxyethyl (meth)acrylate; and (meth)acrylamide and ana 
logues thereof Such as N-methyl(meth)acrylamide, N-pro 
pyl(meth)acrylamide, N-phenyl(meth)acrylamide, and N,N- 
dimethyl(meth)acrylamide. 
0091 Examples of the radical-polymerizable monomer 
corresponding to general formula (6) include Styrene, 4-me 
thylstyrene, chlorostyrene, and methoxystyrene. 
0092. Examples of the radical-polymerizable monomer 
corresponding to general formula (6) include hexyl (meth 
)acrylate, octyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, 
dodecyl (meth)acrylate, and Stearyl (meth)acrylate. 
0093 Specific examples of those graft polymers include 
the polymers represented by the following Structural formu 
lae. 

CH-O-CO-CHCH-S-(-CH-CH-) - 
COO-C12H25 

CH 

COO CH 

CHCH-S-(-CH2-- 
COO- C18H37 
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-continued 
BZ-3) 

th 
-(-CH-CH-) - (-CH3 SH 2. -tcl is 

co 
CHCHCH-OH 

CH f th 
CHCH-s-(-CH2-g- 

COO-C18H37 
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t th 
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co co th CH 
CHCH cut-s-tech- row. f cu 

COO-C8H37 COO-C18H37 
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th f - 
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loO COO t 
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COO-CH7 
BZ-6 

CH3 

th -at-le m CH-C- 

-(-CH-CH-). -at-ris. COO CH 
CO co 

CHCH-S CH-C- h CH2CH2CH2CH3 2CH2-S-(-CH2 " 
COO-C8H 

CH 
CH-1 n 

0094) The graft polymers comprising a polymeric com 
ponent comprising constituent units represented by at least 
either of general formulae (5) and (6) and a polymeric 
component comprising constituent units represented by gen 
eral formula (7) at least as a graft chain may comprise units 
represented by general formula (5) and/or general formula 
(6) and units represented by general formula (7) as the only 
constitutional units, or may contain other constitutional 
component(s). The proportion of the polymeric component 
comprising a graft chain to the other polymeric compo 
nent(s) is preferably from 10:90 to 90:10. Proportions 
thereof within this range are preferred because Satisfactory 
particle-forming properties are obtained and a desired par 
ticle diameter is easy to obtain. Those polymers may be used 
alone or in combination of two or more thereof as a 
dispersant. 
0.095) The content of the dispersant is preferably in the 
range of from 0.01 to 30% by weight based on the total 
amount of the ink composition. When the dispersant content 
is within this range, satisfactory particle-forming properties 
are obtained and a desired particle diameter can be obtained. 

0096) Charge Control Agent 
0097. It is preferred in the invention that a mixture of a 
colorant, an onium salt group, and a coating material be 
dispersed (reduced into particles) in a dispersion medium 
with the aid of a dispersant. It is more preferred to use the 
dispersant in combination with a charge control agent in 
order to regulate the amount of charges present on the 
particles. 
0.098 Preferred examples of the charge control agent 
include metal salts of organic carboxylic acids, Such as 
zirconium naphthenates and Zirconium octenate; ammonium 
salts of organic carboxylic acids, such as tetramethylammo 
nium stearate; metal salts of organic Sulfonic acids, Such as 
sodium dodecylbenzenesulfonate and magnesium dioctyl 
sulfosuccinate; ammonium salts of organic Sulfonic acids, 
such as tetrabutylammonium toluenesulfonate; polymers 
having carboxy groups in side chains, such as a carboxy 
containing polymer obtained by modifying a styrene/maleic 
anhydride copolymer with an amine; polymers having car 
boxylic acid anion groups in Side chains, such as a copoly 
mer of stearyl methacrylate and tetramethylammonium 



US 2005/0070630 A1 

methacrylate; polymers having nitrogen atoms in Side 
chains, Such as a copolymer of Styrene and Vinylpyridine, 
and polymers having ammonium groups in Side chains, Such 
as a copolymer of butyl methacrylate and N-(2-methacry 
loyloxyethyl)-N,N,N-trimethylammonium tosylate. The 
charges to be imparted to the particles may be either positive 
charges or negative charges. The content of the charge 
control agent is preferably in the range of from 0.0001 to 
10% by weight based on the whole ink composition. The 
electrical conductivity of the ink composition of the inven 
tion is preferably from 10 to 300 nS/m, and the electrical 
conductivity of the charged particles is preferably 50% or 
more of the electrical conductivity of the ink composition. 
These requirements can be easily Satisfied by increasing or 
reducing the content of the charge control agent. 

0099) Other Ingredients 

0100. In the invention, other ingredients such as, e.g., an 
antiseptic for Septicity prevention and a Surfactant for Sur 
face tension control can be further incorporated according to 
need. 

0101 Production of Charged Particles 

0102) Using the ingredients described above, the ink 
composition of the invention, which contains charged par 
ticles, can be produced by dispersing (reducing into par 
ticles) a colorant and an onium salt preferably together with 
a coating material. Examples of methods for the dispersion 
(reduction into particles) include the following. 

0103 (1) A colorant, an onium Salt, and a coating mate 
rial are mixed together beforehand and the resultant mixture 
is dispersed (reduced into particles) using a dispersion 
medium and a dispersant. 

0104 (2) A colorant, an onium salt, a coating material, a 
dispersant, and a dispersion medium are simultaneously 
used to conduct the dispersion (reduction into particles), and 
a charge control agent is added thereto. 

0105 (3) A colorant, an onium salt, a coating material, a 
dispersant, a charge control agent, and a dispersion medium 
are simultaneously used to conduct the dispersion (reduction 
into particles). 
0106 Examples of apparatus for use in the mixing or 
dispersion include a kneader, dissolver, mixer, high-speed 
disperser, Sand mill, roll mill, ball mill, attritor, and bead mill 
(see the above mentioned non-patent document 1). 
0107 The ink particle (the charged particle) in the inven 
tion desirably has a diameter of from 0.5 to 4 lum, preferably 
from 0.7 to 3.5 tim, more preferably from 0.8 to 3 lum. This 
Size is larger than that of ordinary electrophotographic liquid 
developer toners (0.1 to 0.4 um) and smaller than that of 
ordinary electrophotographic dry developer toners (5 to 15 
lim). 
0108. The viscosity of the ink composition of the inven 
tion (20° C.) is preferably in the range of from 0.5 to 5 
mPa's, more preferably in the range of from 0.8 to 4 mPa's. 
The Surface tension of the ink composition is preferably in 
the range of from 10 to 70 mN/m, more preferably in the 
range of from 15 to 50 mN/m. 
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0109) Ink-Jet Recorder 
0110. In the invention, the ink composition described 
above is used to conduct recording on a recording medium 
by an ink-jet recording technique. It is preferred in the 
invention to use an ink-jet recording technique utilizing an 
electroStatic field. The ink-jet recording technique utilizing 
an electroStatic field is a technique in which a voltage is 
applied between a control electrode and a back electrode 
disposed on the back Side of a recording medium, whereby 
charged particles of the ink composition are concentrated in 
the ejection Site by an electroStatic force and flown from the 
ejection Site to the recording medium. In the case where the 
charged particles are, for example, positive, the Voltage to be 
applied between the control electrode and the back electrode 
is one, which makes the control electrode and the back 
electrode Serve as a positive electrode and a negative elec 
trode, respectively. The same effect is obtained by electri 
fying the recording medium in place of applying a Voltage 
to the back electrode. 

0111 Examples of techniques for flying an ink include a 
method in which an ink is flown from the tip of a needle such 
as a Syringe needle. The ink composition of the invention 
can be used by this method to conduct recording. However, 
it is difficult to replenish charged particles after the concen 
tration/ejection of charged particles, making it difficult to 
Stably conduct long-term recording. In the case where the 
ink is circulated in order to forcedly Supply charged par 
ticles, the method to be used is one in which the ink is caused 
to overflow the tip of the syringe needle. Because of this, the 
meniscus shape in the Syringe needle tip, which is the 
ejection Site, is unstable and it is difficult to conduct stable 
recording. This technique is hence Suitable for short-term 
recording. 

0.112. On the other hand, a technique in which an ink 
composition is circulated without overflowing the ejection 
orifice is advantageously used. For example, this technique 
comprises circulating an ink in an ink chamber having an 
ejection orifice and applying a voltage to a control electrode 
disposed at the periphery of the ejection orifice to thereby 
concentrate the ink present in the ejection orifice and fly 
concentrated ink droplets from the tip of an ink guide 
pointing to a recording medium. In this technique, replen 
ishment of charged particles by ink circulation and meniscus 
Stabilization in the ejection site can be reconciled and, 
hence, recording can be stably conducted over long. Fur 
thermore, in this technique, Since that part of the ink, which 
is in contact with the Surrounding atmosphere, is at the 
ejection orifice only and hence has an extremely Small area, 
Solvent vaporization is inhibited and ink properties are kept 
Stable. Consequently, this technique is Suitable for use in the 
invention. 

0113 Examples of the constitutions of ink-jet recorders 
in which the ink composition of the invention is suitable for 
use are shown below. 

0114 First, the apparatus shown in FIG. 1 in which 
four-color printing is conducted on one side of a recording 
medium is explained. 

0115 The ink-jet recorder 1 shown in FIG. 1 has: an ink 
circulation System 3 which feeds inks to ejection heads 2 
composed of four-color ejection heads 2C, 2M, 2Y, and 2K 
for forming full-color images and which recovers the inkS 
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from the ejection heads 2; a head driver 4 which operates the 
ejection heads 2 based on an output from an external 
appliance not shown, e.g., a computer or RIP (raster image 
processor); and a position controller 5. The ink-jet printer 1 
further has: a conveying belt 7 stretched on three rollers 6A, 
6B, and 6C; a conveying belt locator 8 which is capable of 
detecting the width-direction position of the conveying belt 
7 and is constituted of, e.g., an optical Sensor; an electro 
static Sucker 9 for holding a recording medium P on the 
conveying belt; and a charge eraser 10 and mechanical 
means 11 both for Separating the recording medium P from 
the conveying belt 7 after image formation. Feed rollers 12 
and a guide 13 both for feeding the recording medium P 
from a stocker not shown to the conveying belt 7 are 
disposed upstream along the conveying belt 7, while a fixing 
unit 14 and a guide 15 both for fixing inks to the recording 
medium Pafter Separation and conveying it to a discharged 
paper Stocker not shown are disposed downstream along the 
conveying belt 7. The ink-jet recorder 1 furthermore has 
therein: a recording medium locator 16 disposed in a posi 
tion facing the ejection heads 2 with the conveying belt 7 
therebetween; and a Solvent recovery part which comprises 
an exhaust fan 17 and a solvent vapor adsorbent 18 and is for 
recovering the Solvent vapor generated from the ink com 
positions. The vapor within the apparatus is discharged 
outside through the recovery part. 

0116. As the feed rollers 12 can be used known rollers. 
The rollers are disposed So as to have the enhanced ability 
to feed a recording medium. There are cases where dirt, 
paper dust, and the like are adherent to the recording 
medium P. It is hence desirable to remove these with the 
rollers. The recording medium P fed by the feed rollers is 
sent to the conveying belt 7 through the guide 13. The 
backside of the conveying belt 7 (preferably, the backside is 
metallic) has been grounded through the roller 6A. The 
recording medium Sent is electroStatically Sucked on the 
conveying belt by means of the electrostatic Sucker 9. In 
FIG. 1, this electrostatic sucking is achieved with a 
Scorotron charging device connected to a negative high 
Voltage power Source. By the action of the electroStatic 
Sucker 9, the recording medium P is electroStatically Sucked 
tightly on the conveying belt 7 and the surface of the 
recording medium is evenly charged. Although the electro 
Static Sucker in this apparatus is used also as a device for 
charging the recording medium, a charging device may be 
Separately disposed. The recording medium P charged is 
conveyed by the conveying belt 7 to the ejection head part, 
where a recording Signal Voltage is Superimposed using the 
charge potential as a bias to thereby form an ink-jet image 
electrostatically. The recording medium P on which the 
image has been formed is treated with the charge eraser 10 
to remove the residual charges, Separated from the convey 
ing belt 7 by the mechanical means 11, and then sent to the 
fixing part. The recording medium Pseparated is sent to the 
image fixing unit 14 to conduct image fixing. The recording 
medium P after the fixing passes through the guide 15 and 
is discharged to the discharged-paper Stocker not shown. 
This apparatus has a recovery unit for recovering the Solvent 
Vapor generated from the ink compositions. The recovery 
unit comprises a Solvent vapor adsorbent 18. The gases in 
the apparatus, which contain the Solvent vapor, are intro 
duced into the adsorbent with an exhaust fan 17. After the 
Vapor is adsorptively recovered, the gases are discharged 
from the apparatus. The constitution of this apparatus should 
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not be construed as being limited to the example shown 
above. The number, shape, and relative position of constitu 
ent devices, Such as the rollers and the charging device, the 
polarity of charges, etc. can be selected at will. Furthermore, 
although the system described above is for four-color 
recording, it may be modified to constitute a System for 
printing in a larger number of colors in which the four-color 
inks are used in combination with a light-color ink or a 
Special-color ink. 
0117 The ink-jet recorder for ink-jet recording described 
above comprises the ejection heads 2 and the ink circulation 
System 3. The ink circulation System 3 compriseSink tanks, 
ink circulators, ink composition regulators, ink temperature 
controllers, etc. The ink tanks may have a Stirrer therein. 
0118. As each of the ejection heads 2 can be used a 
Single-channel head, multi-channel head, or full-line head. 
The main Scanning for the heads is conducted by the rotation 
of the conveying belt 7. 
0119 Ink-jet heads suitable for use in the invention are 
ones for the ink-jet recording technique in which charged 
particles are electrophoresed in an ink channel to increase 
the ink concentration around the orifice and the concentrated 
ink is ejected. This ejection of ink droplets is mainly based 
on the electrostatic attraction caused by the recording 
medium or by the counter electrode disposed on the back of 
the recording medium. Consequently, in the case where the 
recording medium or the counter electrode does not face the 
heads or where no voltage is applied to the recording 
medium or counter electrode which is located So as to face 
the heads, ejection of ink droplets does not occur even when 
a Voltage is accidentally applied to the ejection electrode or 
an oscillation is given. The inside of the apparatus is hence 
prevented from being fouled. 
0.120. An ejection head suitable for use in the ink-jet 
apparatus described above is shown in FIGS. 2 and 3. As 
shown in FIGS. 2 and 3, the ink-jet head 70 has: an 
electrically insulating Substrate 74 constituting the upper 
wall of an ink channel 72 in which an ink flow Q in one 
direction is formed; and ejection parts 76 for ejecting an ink 
toward a recording medium P. The ejection parts 76 each 
have an ink guide part 78, by which ink droplets G flown 
from the ink channel 72 are guided to the recording medium 
P. The substrate 74 has openings 75 through which the ink 
guide parts 78 have penetrated respectively. An ink meniscus 
42 has been formed in the Space between each ink guide part 
78 and the inner wall of the corresponding opening 75. The 
gap d between the ink guide parts 78 and the recording 
medium P is preferably about from 200 to 1,000 um. The ink 
guide parts 78 are fixed at their lower ends to a Supporting 
rod part 40. 
0121 The substrate 74 has: an insulating layer 44 which 
Separates two ejection electrodes at a given distance to 
electrically insulate these from each other; first ejection 
electrodes 46 formed on the upper Side of the insulating 
layer 44; an insulating layer 48 which covers the first 
ejection electrodes 46; guard electrodes 50 formed on the 
upper Side of the insulating layer 48; and an insulating layer 
52 which covers the guard electrodes 50. The Substrate 74 
further has: second ejection electrodes 56 formed on the 
lower Side of the insulating layer 44; and an insulating layer 
58 which covers the second ejection electrodes 56. The 
guard electrodes 50 are disposed for the purpose of prevent 
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ing the Voltage applied to a first ejection electrode 46 or a 
Second ejection electrode 56 from exerting an influence in 
electric field on the adjacent ejection parts. 
0.122 Furthermore, the ink-jet head 70 has a suspended 
conductive plate 62 disposed in an electrically Suspended 
State. This Suspended conductive plate 62 not only consti 
tutes the bottom of the ink channel 72, but also causes 
positively charged ink particles (charged particles) R to 
migrate upward (i.e., toward the recording medium) in the 
ink channel 72 based on the induced Voltage Stationarily 
caused by the ejection Voltage applied in pulses to first 
ejection electrodes 46 and Second ejection electrodes 56. A 
coating film 64 which is electrically insulating has been 
formed on the Surface of the Suspended conductive plate 62 
to prevent the ink from fluctuating in properties or compo 
nent proportion due to charge injection thereinto, etc. The 
electrical resistivity of the insulating coating film is prefer 
ably 10° S.2-cm or higher, more preferably 10 S2 cm or 
higher. The insulating coating film desirably is resistant to 
corrosion by the ink, because this coating film prevents the 
Suspended conductive plate 62 from being corroded by the 
ink. The lower side of the suspended conductive plate 62 is 
covered with an insulating member 66. Due to Such consti 
tution, the Suspended conductive plate 62 is in a completely 
electrically insulated State. 
0123 The number of Suspended conductive plates 62 is at 
least one per head unit. (For example, in the case of an 
apparatus having four heads C, M, Y, and K, each head unit 
has at least one Suspended conductive plate, and the head 
unit C and the head unit M do not have a common Suspended 
conductive plate.) 
0.124. As shown in FIG. 3, an ink is flown from the 
ink-jet head 70 to record an image on the recording medium 
P. This recording is conducted in the following manner. The 
ink in the ink channel 72 is circulated to thereby cause an ink 
flow Q. In this state, a given voltage (e.g., +100 V) is applied 
to the guard electrodes 50. Furthermore, a positive voltage 
is applied to the first ejection electrodes 46, Second ejection 
electrodes 56, and recording medium P so that an electric 
field in which positively charged particles R in the ink 
droplets G flown from the openings 75 after having been 
guided by the ink guide parts 78 are attracted by and flown 
to the recording medium P is formed in the Space between 
the first and second ejection electrodes 46 and 56 and the 
recording medium P. (When the gap dis 500 um, this voltage 
application is conducted desirably So as to form a potential 
difference of about from 1 kV to 3.0 kV) 
0.125. In that state, a pulsed voltage is applied to the first 
ejection electrodes 46 and the second ejection electrodes 56 
according to image Signals. As a result, ink droplets G 
having a heightened charged-particle concentration is 
ejected from the openings 75. (For example, in the case 
where the initial charged-particle concentration is from 3 to 
15%, the ink droplets G have a charged-particle concentra 
tion heightened to 30% or above.) Prior to this operation, the 
values of Voltage to be applied to the first ejection electrodes 
46 and the Second ejection electrodes 56 are regulated 
beforehand So that ink droplets G are ejected only when a 
pulsed Voltage is applied to both of a first ejection electrode 
46 and the corresponding Second ejection electrode 56. 
0.126 AS described above, upon application of a pulsed 
positive voltage, ink droplets G fly from the openings 75 
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after having been guided by the ink guide parts 78 and 
adhere to the recording medium P. Simultaneously with this, 
a positive induced Voltage generates in the Suspended con 
ductive plate 62 due to the positive Voltage applied to the 
first ejection electrodes 46 and the Second ejection elec 
trodes 56. Even when the voltage applied to the first ejection 
electrodes 46 and the second ejection electrodes 56 is a 
pulsed Voltage, the induced Voltage is an almost Stationary 
Voltage. Consequently, by the action of the electric field 
formed in the area between the Suspended conductive plate 
62 and guard electrodes 50 and the recording medium P, the 
positively charged particles R present in the ink channel 72 
receive a force which moves them upward. As a result, the 
concentration of charged particles R increases around the 
substrate 74. In the case where the number of ejection parts 
used (i.e., channels from which ink droplets are ejected) is 
large as shown in FIG. 3, a larger number of charged 
particles are necessary for ejection. However, the use of a 
large number of the first ejection electrodes 46 and the 
Second ejection electrodes 56 elevates the Voltage induced in 
the Suspended conductive plate 62 and, hence, the number of 
charged particles R migrating toward the recording medium 
increases. 

0127. Although the embodiment described above uses 
colored particles, which have been positively charged, the 
colored particles may have been negatively charged. In this 
case, the polarity for each charging operation is reversed. 
0128. It is preferred in the invention that after ink ejection 
to a recording medium, the ink should be fixed with an 
appropriate heating device. The heating device to be used 
can be a contact type heater Such as a heating roller, heating 
block, or heating belt or a non-contact type heater Such as a 
dryer, infrared lamp, visible-light lamp, ultraViolet lamp, or 
hot-air oven. These heaters are preferably disposed So as to 
connect with and united to the ink-jet recorder. The tem 
perature of the recording medium at the time of fixing is 
preferably in the range of from 40 to 200 C. from the 
Standpoint of ease of fixing. The period of fixing is prefer 
ably in the range of from 1 microSecond to 20 Seconds. 
0.129 Replenishment of Ink Composition 
0.130. In the ink-jet recording technique utilizing an elec 
troStatic field, charged particles in the ink composition are 
concentrated before ejection. Consequently, when the ink 
composition is ejected over a prolonged time period, the 
amount of charged particles in the ink composition 
decreases, resulting in a reduced electrical conductivity of 
the ink composition. Furthermore, the ratio of the electrical 
conductivity of the charged particles to the electrical con 
ductivity of the ink composition also changes. In addition, 
the average particle diameter of the charged particles 
decreases because charged particles having a larger particle 
diameter tend to be ejected preferentially as compared with 
charged particles having a Smaller particle diameter. More 
over, the Viscosity of the ink composition changes because 
the Solid content in the composition changes. 
0131 These changes in properties result in ejection fail 
ures and in recorded images having a reduced optical density 
or ink blurring. An ink composition having a higher con 
centration (higher Solid concentration) than the ink compo 
Sition fed to the ink tank at the beginning is hence Supplied. 
Thus, the amount of charged particles can be prevented from 
decreasing, and the electrical conductivity of the ink com 
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position and the ratio of the electrical conductivity of the 
charged particles to the electrical conductivity of the ink 
composition can be kept in respective given ranges. Fur 
thermore, an average particle diameter and a Viscosity can be 
maintained. In addition, by thus keeping the properties of the 
ink composition in given ranges, ink ejection is evenly 
conducted Stably over long. This replenishment is conducted 
mechanically or manually preferably after the value of a 
property, e.g., electrical conductivity or optical density, of 
the ink being used is detected to calculate the shortage. It is 
also possible to conduct the replenishment mechanically or 
manually based on the amount of an ink composition to be 
used, which is calculated from image data. 
0132) Recording Medium 
0.133 Various recording media can be used in the inven 
tion according to applications. For example, when paper, a 
plastic film, a metal, paper coated with a plastic or metal by 
laminating or vapor deposition, a plastic film coated with a 
metal by laminating or vapor deposition, or the like is used 
to conduct ink-jet recording, then a printed matter can be 
directly obtained. When a substrate such as one obtained by 
roughening a Surface of a sheet made of a metal, e.g., 
aluminum, is used, an offset printing plate can be obtained. 
When a plastic Substrate or the like is used, a flexographic 
printing plate or a color filter for liquid-crystal displayS can 
be obtained. The shape of the recording medium may be 
planar Such as Sheet form or three-dimensional Such as 
cylindrical. Furthermore, when a Silicon wafer or wiring 
board is used as a recording medium, the printing method of 
the invention is applicable to the production of a Semicon 
ductor device or printed wiring board. 
0134. By combining the ink composition, ink-jet 
recorder, and ink composition replenishment described 
above, image-bearing matters having high image quality 
with no ink blurring and a high image density can be stably 
obtained over long. 

EXAMPLES 

0135) The invention will be explained below in detail by 
reference to Examples, but the invention should not be 
construed as being limited to these Examples. 
0136) Synthesis of Onium Salt Monomers 
0137 Onium Salt Monomer 1 
0138 Into a three-necked flask were introduced 60 g of 
N,N-dimethylaminoethyl methacrylate (manufactured by 
Tokyo Kasei Kogyo Co., Ltd.) and 145g of toluene (manu 
factured by Wako Pure Chemical Industries, Ltd.). The 
contents were cooled at 0° C., and 85.3 g of methyl 
p-toluenesulfonate (manufactured by Wako Pure Chemical 
Industries, Ltd.) was added dropwise thereto over 1 hour. 
Thereafter, the mixture was reacted at room temperature for 
5 hours with Stirring. After completion of the reaction, the 
reaction mixture was poured into 2 L of hexane. The 
resultant precipitate was taken out by filtration and vacuum 
dried. Thus, N.N.N-trimethylammonium ethyl methacrylate 
p-tolueneSulfonic acid Salt was obtained as an ammonium 
salt monomer. (Yield, about 127 g) 
0139 Onium Salt Monomer 2 
0140. The same procedure as for synthesizing onium salt 
monomer 1 was repeated, except that 80 g of N,N-diethy 
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laminoethyl methacrylate (manufactured by Tokyo Kogyo 
Co., Ltd.) was used in place of the N,N-dimethylaminoethyl 
methacrylate, and that the amounts of toluene and methyl 
p-toluenesulfonate to be used were changed to 150 g and 90 
g, respectively. As a result, N,N-diethyl-N-methylammo 
nium ethylmethacrylate p-toluenesulfonic acid Salt was 
obtained in an amount of about 135 g. 
0141 Onium Salt Monomer 3 
0142. The same procedure as for synthesizing onium salt 
monomer 1 was repeated, except that 40 g of vinylpyridine 
(manufactured by Nacalai Tesque, Inc.) was used in place of 
the N,N-dimethylaminoethyl methacrylate and the amount 
of toluene to be used was changed to 150 g. As a result, 
N-methylvinylpyridine p-toluenesulfonic acid Salt was 
obtained in an amount of about 110 g. 
0.143 Synthesis of Onium Salt Group-Containing Poly 
CS 

0144 Onium Salt Group-Containing Polymer 1 
0145 Into a three-necked flask were introduced 70 g of 
butyl methacrylate (manufactured by Wako Pure Chemical 
Industries, Ltd.), 25g of methyl methacrylate (manufactured 
by Wako Pure Chemical Industries, Ltd.), and 5 g of onium 
salt monomer 1 together with 230 g of 1-methoxy-2-pro 
panol (MFG) and 2 g of water. The contents were heated to 
80 C. in an oil bath and stirred for 30 minutes while 
introducing nitrogen into the flask at a rate of 30 L/min. 
Thereafter, 0.3 g of azo initiator V601 (dimethyl 2,2'- 
azobis(isobutyrate) manufactured by Wako Pure Chemical 
Industries, Ltd.) was added thereto, and the mixture was 
polymerized at 80 C. for 5 hours with stirring. After the 5 
hours, 0.15 g of V601 was further added to the reaction 
mixture, and the resultant mixture was polymerized at an 
elevated temperature of 90° C. for 2 hours with stirring. 
After completion of the polymerization reaction, the reac 
tion mixture was cooled to room temperature and then 
poured into 3 L of water to conduct purification by repre 
cipitation. The precipitate was taken out by filtration and 
Vacuum-dried to obtain about 95 g of onium Salt group 
containing polymer 1. The polymer obtained had a weight 
average molecular weight (MW) of 34,000. 
0146) Onium Salt Group-Containing Polymer 2 
0147 The same procedure as for synthesizing onium salt 
group-containing polymer 1 was repeated, except that 95 g 
of benzyl methacrylate was used in place of 70 g of butyl 
methacrylate and 25 g of methyl methacrylate. As a result, 
onium Salt group-containing polymer 2 was obtained in an 
amount of about 97 g. The weight-average molecular weight 
thereof was 28,000. 
0.148 Onium Salt Group-Containing Polymer 3 
014.9 The same procedure as for synthesizing onium salt 
group-containing polymer 1 was repeated, except that onium 
Salt monomer 2 was used in place of onium Salt monomer 1. 
AS a result, onium Salt group-containing polymer 3 was 
obtained in an amount of about 95 g. The weight-average 
molecular weight thereof was 33,000. 
0150 Onium Salt Group-Containing Polymer 4 
0151. The same procedure as for synthesizing onium salt 
group-containing polymer 1 was repeated, except that onium 
Salt monomer 3 was used in place of onium Salt monomer 1. 
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AS a result, onium Salt group-containing polymer 4 was 
obtained in an amount of about 94 g. The weight-average 
molecular weight thereof was 28,000. 
0152 Onium Salt Group-Containing Polymer 5 
0153. The same procedure as for synthesizing onium salt 
group-containing polymer 1 was repeated, except that 90 g 
of benzyl methacrylate was used in place of 70 g of butyl 
methacrylate and 25 g of methyl methacrylate and that 10 g 
of onium Salt monomer 2 was used in place of onium Salt 
monomer 1. As a result, onium Salt group-containing poly 
mer 5 was obtained in an amount of about 97 g. The 
weight-average molecular weight thereof was 28,000. 
0154) Onium Salt Group-Containing Polymer 6 
O155 The same procedure as for synthesizing onium salt 
group-containing polymer 1 was repeated, except that the 

-(CH-CH-). 

(-CH-CH-)s. 

amount of butyl methacrylate to be used was changed to 30 
g, 60 g of styrene (manufactured by Wako Pure Chemical 
Industries, Ltd.) was used in place of 25 g of methyl 
methacrylate, and the amount of onium Salt monomer 1 was 
changed to 10 g. As a result, onium Salt group-containing 
polymer 6 was obtained in an amount of about 96 g. The 
weight-average molecular weight thereof was 26,000. 
0156 Onium Salt Group-Containing Polymer 7 
O157 Into a three-necked flask were introduced 100 g of 
polyethyleneimine SP 400 (manufactured by Nippon 
Shokubai Co., Ltd.) and 200g of water. The contents were 
cooled to 0 C., and 100 g of methyl p-toluenesulfonate 
(manufactured by Wako Pure Chemical Industries, Ltd.) was 
added dropwise thereto over 1 hour. Thereafter, the mixture 
was reacted at room temperature for 5 hours with Stirring. 
After completion of the reaction, the reaction mixture was 
poured into 3 L of acetone. The resultant precipitate was 
taken out by decantation and the Solid obtained was vacuum 
dried. Thus, about 186 g of onium Salt group-containing 
polymer 7 (polyethyleneimine p-toluenesulfonic acid salt) 
was obtained. The polymer obtained had a weight-average 
molecular weight (MW) of 16,000. 

Example 1 
0158) <Materials Usedd 
0159. The following materials were used in Example 1. 

01.60 Cyan pigment (colorant); phthalocyanine pig 
ment C.I. Pigment Blue (15:3) (LIONOL BLUE 
FG-7350, manufactured by Toyo Ink Mfg. Co., Ltd.) 
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0.161 Coating Material butyl acrylate/methyl meth 
acrylate (75/25 by weight) copolymer (manufactured 
by Aldrich Co.) 

0162 Onium salt compound tetra-n-butylammo 
nium tosylate (manufactured by Wako Pure Chemi 
cal Industries, Ltd.) 

0163 Dispersant BZ-2) 

0.164 Charge control agent CT-1) 

0165 Dispersant; Isoper G (manufactured by Exxon 
Chemical Co.) 

0166 The structures of dispersant BZ-2 and charge 
control agent CT-1 are shown below. 

BZ-2) 

th 
CH- 30w.9% 

co th 
CHCH-S-CH- in 

COO- C18H37 

CT-1) 
( CH CH 12snoo, 

CH CH 25ino1% 

C - C o= -o 2n 1S 
O O OH NH 

C16H33 al 

0.167 Dispersant BZ-2 was obtained by radical-poly 
merizing Stearyl methacrylate in the presence of 2-mercap 
toethanol, reacting the resultant polymer with methacrylic 
anhydride to obtain a Stearyl methacrylate polymer having a 
methacryloyl group at an end (weight-average molecular 
weight, 7,600), and then radical-polymerizing styrene with 
this polymer. The weight-average molecular weight thereof 
was 110,000. 

0168 Charge control agent CT-1 was obtained by react 
ing 1-hexadecylamine with a copolymer of 1-octadecene 
and maleic anhydride. The weight-average molecular weight 
thereof was 17,000. 

0169 <Production of Ink Composition BC-1}> 

0170 Into bench kneader PBV-0.1 manufactured by Irie 
Shokai Co., Ltd. were introduced 10g of the cyan pigment, 
18 g of the coating material butylacrylate/methylmethacry 
late (75/25 by weight) copolymer (manufactured by Aldrich 
Co.), and 2 g of the onium Salt compound tetra-n-buty 
lammonium tosylate (manufactured by Wako Pure Chemical 
Industries, Ltd.). The heater temperature was set at 100° C. 
and the ingredients were kneaded together for 2 hours. 
Thirty grams of the mixture obtained was roughly powdered 
with Trio Blender, manufactured by Trioscience Ltd., and 
then pulverized with sample mill Type SK-M10, manufac 
tured by Kyoritsu-riko Co. Thirty grams of the powder 
obtained by the pulverization was treated with a paint Shaker 
manufactured by Toyo Seiki Seisaku-Sho., Ltd., together 
with 7.5g of dispersant BZ-2, 75 g of Isoper G, and glass 
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beads having a diameter of about 3.0 mm to conduct 
preliminary dispersion. After the glass beads were removed, 
the dispersion was treated with Dyno-Mill Type KDL, 
manufactured by Shinmaru Enterprises Corp., together with 
Zirconia ceramic beads having a diameter of about 0.6 mm 
at a constant internal temperature of 25 C. for 5 hours and 
then at 45 C. for 5 hours at a revolution speed of 2,000 rpm 
to disperse (reduce into particles) the Solid ingredients. The 
Zirconia ceramic beads were removed from the dispersion 
obtained. To the dispersion were added 316 g of Isoper G 
and 0.6 g of charge control agent CT-1). Thus, ink com 
position EC-1 was obtained. 
0171 The particulate ingredient in the ink composition 
obtained had a particle diameter of 0.93 lum. The proportion 
of particles not larger than 0.2 um therein was 0.6% or lower. 
0172 <Ink-Jet Recording/Image Evaluation> 
0173 The ink composition EC-1 obtained in Example 1 
was charged into an ink tank of the ink-jet recorder shown 
in FIGS. 1 to 3. As the ejection head was used an 833 
channel head of the type shown in FIG. 2 of 150 dpi 
(three-line ZigZag arrangement with a channel density of 50 
dpi). As a fixing device was used a heating roller made of 
silicone rubber and having a 1-kW built-in heater. An 
immersion heater and Stirring blades were disposed as an ink 
temperature controller in the ink tank, and the ink tempera 
ture was set at 30° C. The temperature of the ink was 
controlled with a thermostat while rotating the Stirring 
blades at 30 rpm. The stirring blades were used also as a 
Stirrer for preventing Sedimentation/aggregation. The walls 
of the ink channel were partly made transparent, and an LED 
element and a light detection element were disposed respec 
tively on both sides of the transparent part. The concentra 
tion of the ink was regulated by introducing ink diluent 
(Isoper G) or concentrated ink (the ink composition 
described above whose Solid concentration had been 
increased twofold) based on output signals from the light 
detection element. Lightly coated paper for offset printing 
was used as a recording medium. Dust particles present on 
the Surface of the recording medium were removed by air 
pump Suction. Thereafter, the ejection head was brought 
near to the recording medium to the image formation 
position. Data on the image to be recorded were Sent to an 
arithmetic image data control unit, and the ink composition 
was ejected while Successively moving the ejection head and 
conveying the recording medium by the rotation of the 
conveying belt to thereby form an image at a resolution of 
2,400 dpi. The conveying belt used was one obtained by 
laminating a metallic belt with a polyimide film. A line-form 
marker was disposed along the conveyance direction near 
one edge of the conveying belt. The position of this marker 
was optically read with the conveying belt locator, and the 
position controller was operated during the image formation. 
In this recording, the distance between the ejection head and 
the recording medium was kept at 0.5 mm based on outputs 
from an optical gap detector. In preparation for ejection, the 
Surface potential of the recording medium was kept at -1.5 
kV. A pulse voltage of +500 V was applied (pulse width, 50 
puSec) for ejection to conduct image formation at a driving 
frequency of 15 kHz. 

0.174. The resultant recording medium bearing a gray 
Scale image (printed matter) was evaluated for streaks and 
ink blurring. 

Mar. 31, 2005 

0175 <Charge Evaluation> 
0176) The amount of charges in the ink composition was 
determined from the Specific conductivity thereof measured 
with the LCR meter and electrodes for liquids (Type LP-05, 
manufactured by Kawaguchi Denki Seisaku-Sho Co., Ltd.) 
under the conditions of an applied Voltage of 5 V and a 
frequency of 1 kHz. The conductivity of the ink particles 
was determined by Subtracting the Specific conductivity of 
the Supernatant obtained by centrifuging the ink composition 
from the overall Specific conductivity of the ink composi 
tion. The centrifuging was conducted with a Small high 
speed cooled centrifuge (SRX-201, manufactured by Tomy 
Seiko Co., Ltd.) for 30 minutes under the conditions of a 
rotational speed of 14,500 rpm and a temperature of 23 C. 
0177. The efficiency of charge generation in ink particles 
was determined using the following equation. 

Efficiency of charge generation in ink particles (%)= 
(amount of charges in ink particles, Q1)/(amount of 
charges in ink composition, Q2)x100 

0.178 Long-term charge stability was determined using 
the following equation from the amount of charges Q3 in the 
ink composition which had been allowed to Stand in a 
polyethylene bottle for 1 week under the thermal conditions 
of a temperature of 50° C. and a humidity of 80% and from 
the amount of charges Q4 in the ink composition before the 
Standing. 

Charge amount change with time (%)=(Q3/Q4)x100 

Example 2 
0179 The same procedure for ink production as in 
Example 1 was conducted, except that onium Salt group 
containing polymer 1 was used in place of the coating 
material butyl acrylate/methyl methacrylate (75/25 by 
weight) copolymer (manufactured by Aldrich Co.) as a 
material to be used, and that the onium Salt compound was 
not added. Thus, ink EC-2 was produced. The particulate 
ingredient in the ink composition obtained had a particle 
diameter of 0.99 um, and the proportion of particles not 
larger than 0.2 um therein was 0.5% or lower. This ink was 
used to conduct charge evaluation and ink-jet recording. 

Example 3 
0180. The same procedure for ink production as in 
Example 1 was conducted, except that onium Salt group 
containing polymer 7 was used in place of the onium Salt 
compound as a material to be used. Thus, ink EC-3 was 
produced. The particulate ingredient in the ink composition 
obtained had a particle diameter of 1.03 um, and the pro 
portion of particles not larger than 0.2 um therein was 0.5% 
or lower. This ink was used to conduct charge evaluation and 
ink-jet recording. 

Comparative Example 1 

0181. The same procedure as that for the production of 
ink composition EC-1 in Example 1 was conducted, except 
that the onium salt compound tetra-n-butylammonium tosy 
late (manufactured by Wako Pure Chemical Industries, 
Ltd.) was not added. Thus, ink composition RC-1 was 
produced. The particulate ingredient in the ink composition 
had a particle diameter of 0.99 um, and the proportion of 
particles not larger than 0.2 um was 0.6% or lower. This ink 
was used to conduct charge evaluation and ink-jet printing. 
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TABLE 1. 

Efficiency 
Amount of of charge 
charges in generation Image 

ink in ink Long-term quality in 
particles particles charge ink-jet 
(pS/cm) (%) stability printing’ 

Example 1 840 94 O O 
Example 2 900 96 O O 
Example 3 890 93 O O 
Comparative 52O 73 X A 
Example 1 

Long-Term Charge Stability 
O: Charge amount change with time (%) is 95 or higher. 
A: Charge amount change with time (%) is below 95 and 80 or higher. 
X: Charge amount change with time (%) is below 80. 
*Image Quality in Ink-Jet Recording 
The image formed by the recording was visually evaluated for blurring. 
O: No blurring. 
A: Slight blurring occurred. 
X: Blurring occurred. 

0182. As shown in Examples 1 to 3, since the colorant 
particles contain at least one onium Salt, the efficiency of 
charge generation in the ink particles and long-term charge 
Stability are improved and the ink particles have a Suffi 
ciently high rate of electrophoresis in ejection nozzles in this 
ink-jet recording technique, resulting in Sufficient concen 
tration of ink particles. Consequently, images of Satisfactory 
quality with no blurring can be obtained. 
0183 The onium salt may be blended with a coating 
material as in Example 1, or may be incorporated as a 
constituent ingredient into a coating material as in Example 
2. 

0184 The results in Comparative Example 1 are for an 
ink composition employing an ordinary coating material 
alone, i.e., a coating material which does not contain the 
onium Salt. The results show that the efficiency of charge 
generation in the ink particles and long-term charge Stability 
are insufficient. The ink particles have a low rate of elec 
trophoresis in ejection nozzles in this ink-jet recording 
technique and Sufficient concentration of ink particles does 
not occur. Because of this, blurring occurs and images of 
Satisfactory quality are not obtained. 

EXAMPLES 4 TO 22 

0185. The same procedure as that for the production of 
ink composition EC-2 in Example 2 was conducted, except 
that the coating material was replaced by each of the coating 
materials shown in Table 2. Thus, ink compositions EC-4) 
to EC-22) were produced. 

TABLE 2 

Ink 
compo- Coating material 
sition (onium salt group-containing polymer) 

Example 4 EC-4 onium salt group-containing polymer 2 
Example 5 EC-5 onium salt group-containing polymer 3 
Example 6 EC-6 onium salt group-containing polymer 4 
Example 7 EC-7 onium salt group-containing polymer 5 
Example 8 EC-8 onium salt group-containing polymer 6 
Example 9 EC-9 onium salt group-containing polymer 

1/Ibutyl acrylate/methyl methacrylate 

14 
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TABLE 2-continued 

Ink 
COO- Coating material 
sition (onium salt group-containing polymer) 

(75/25 wt %) copolymer (manufactured by 
Aldrich Co.) = 50/50 (wt %) 

Example 10 EC-10 onium salt group-containing polymer 1f 
onium salt group-containing polymer 2 = 75/25 
(wt %) 

Example 11 EC-11 onium salt group-containing polymer 1f 
onium salt group-containing polymer 2 = 50/50 
(wt %) 

Example 12 EC-12 onium salt group-containing polymer 1f 
onium salt group-containing polymer 2 = 25/75 
(wt %) 

Example 13 EC-13 onium salt group-containing polymer 1f 
onium salt group-containing polymer 3 = 50/50 
(wt %) 

Example 14 EC-14 onium salt group-containing polymer 1f 
onium salt group-containing polymer 4 = 50/50 
(wt %) 

Example 15 EC-15 onium salt group-containing polymer 1f 
onium salt group-containing polymer 5 = 50/50 
(wt %) 

Example 16 EC-16 onium salt group-containing polymer 3/ 
onium salt group-containing polymer 6 = 50/50 
(wt %) 

Example 17 EC-17 onium salt group-containing polymer 4f 
onium salt group-containing polymer 7 = 50/50 
(wt %) 

Example 18 EC-18 onium salt group-containing polymer 1f 
onium salt group-containing polymer 
2?onium salt group-containing polymer 
3 = 50/25/25 (wt %) 

Example 19 EC-19 onium salt group-containing polymer 3/ 
onium salt group-containing polymer 
4fonium salt group-containing polymer 
5 = 50/25/25 (wt %) 

Example 20 EC-2O onium salt group-containing polymer 4f 
onium salt group-containing polymer 
2fonium salt group-containing polymer 
3 = 50/25/25 (wt %) 

Example 21 EC-21 onium salt group-containing polymer 5/ 
onium salt group-containing polymer 
2fonium salt group-containing polymer 
3 = 40/30/30 (wt %) 

Example 22 EC-22 onium salt group-containing polymer 6/ 
onium salt group-containing polymer 
4fonium salt group-containing polymer 
3 = 40/30/30 (wt %) 

0186 The ink compositions were evaluated in the same 
manner as in Example 1. The results obtained were the same 
as in Examples 1 to 3. The following was hence found. 
When the coating materials used in Examples 4 to 22 are 
employed, the efficiency of charge generation in the ink 
particles and long-term charge Stability are improved and the 
ink particles have a Sufficiently high rate of electrophoresis 
in ejection nozzles in this ink-jet recording technique, result 
ing in Sufficient concentration of ink particles. Consequently, 
images of Satisfactory quality with no blurring can be 
obtained. 

EXAMPLES 23 TO 44 

0187. The same procedure as that for the production of 
ink composition EC-1 in Example 1 was conducted, except 
that the onium Salt compound was replaced by each of the 
onium Salt compounds shown in Table 3. Thus, ink compo 
sitions EC-23 to EC-44 were produced. These ink com 
positions were evaluated in the same manner as in Example 
1, and the same results as in Examples 1 to 3 were obtained. 
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TABLE 3 

Ink 
composition Onium salt compound 

Example EC-23 etra-n-butylammonium tosylate (manufactured 
23 by Wako Pure Chemical Industries, Ltd.) 
Example EC-24 etra-n-butylammonium tosylate (manufactured 
24 by Wako Pure Chemical Industries, Ltd.) 
Example EC-25 etra-n-butylammonium salicylate 
25 (manufactured by Wako Pure Chemical Industries, 

Ltd.) 
Example EC-26 etra-n-butylammonium chloride (manufactured 
26 by Wako Pure Chemical Industries, Ltd.) 
Example EC-27 etra-n-butylammonium salicylate 
27 (manufactured by Wako Pure Chemical Industries, 

Ltd.) 
Example EC-28 etraethylammonium tosylate (manufactured by 
28 Wako Pure Chemical Industries, Ltd.) 
Example EC-29 n-methylpyridinium tosylate (manufactured by 
29 Wako Pure Chemical Industries, Ltd.) 
Example EC-30 etraphenylphosphonium chloride 
3O (manufactured by Aldrich Co.) 
Example EC-31 etra-n-butylphosphonium chloride 
31 (manufactured by Aldrich Co.) 
Example EC-32 etraethylphosphonium chloride (manufactured 
32 by Aldrich Co.) 
Example EC-33 riphenyl(2-pyridylmethyl)phosphonium 
33 chloride (manufactured by Aldrich Co.) 
Example EC-34 riphenylsulfonium butanesulfonate 
34 (manufactured by Aldrich Co.) 
Example EC-35 riphenylsulfonium triflate (manufactured by 
35 Aldrich Co.) 
Example EC-36 onium salt group-containing polymer 7 
36 
Example EC-37 poly(diallylmethylammonium chloride) 
37 (manufactured by Aldrich Co.) 
Example EC-38 poly(4-vinylpyridinium tosylate) 
38 (manufactured by Aldrich Co.) 
Example EC-39 poly(p-xylenetetrahydrothiophenium chloride) 
39 (manufactured by Aldrich Co.) 
Example EC-40 etra-n-butylammonium tosylate (manufactured 
40 by Wako Pure Chemical Industries, 

Ltd.)/n-methylpyridinium tosylate 
(manufactured by Wako Pure Chemical Industries, 
Ltd.) = 50/50 (wt %) 

Example EC-41 etra-n-butylammonium tosylate (manufactured 
41 by Wako Pure Chemical Industries, 

Ltd.)/tetraphenylphosphonium chloride 
(manufactured by Aldrich Co.) = 50/50 (wt %) 

Example EC-42 etraethylammonium tosylate (manufactured by 
42 Wako Pure Chemical Industries, 

Ltd.)/triphenylphosphonium butanesulfonate 
(manufactured by Aldrich Co.) = 50/50 (wt %) 

Example EC-43 n-methylpyridinium tosylate (manufactured by 
43 Wako Pure Chemical Industries, Ltd.)/onium 

salt group-containing polymer 7 = 50/50 (wt %) 
Example EC-44 poly(p-xylenetetrahydrothiophenium chloride) 
44 (manufactured by Aldrich Co.)/onium salt 

group-containing polymer 7 = 50/50 (wt %) 

0188 In the invention, the charged particles (ink par 
ticles) contain at least one onium salt group. Because of this, 
the ink particles have improved charge generation efficiency 
and improved long-term charge Stability. When the ink 
composition is used in image formation by ink-jet recording, 
the ink particles in the ejection nozzles have a Sufficiently 
high rate of electrophoresis and are Sufficiently concentrated 
and, hence, images of Satisfactory quality free from blurring 
can be obtained. Consequently, the invention can provide an 
ink composition for electroStatic ink-jet recording and a 
method of ink-jet recording, which enable high-quality 
images to be fixed to a recording medium at a low tempera 
ture and a high Speed. 
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Amount 
(g) 

0189 The entire disclosure of each and every foreign 
patent application from which the benefit of foreign priority 
has been claimed in the present application is incorporated 
herein by reference, as if fully set forth. 

What is claimed is: 
1. An ink composition for electroStatic ink-jet recording, 

comprising: 

a dispersion medium; and 

a charged particle comprising a colorant, 
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wherein the charged particle contains at least one of an 
onium Salt compound and an onium Salt group-con 
taining polymer. 

2. The ink composition for electroStatic ink-jet recording 
of claim 1, 

wherein the onium Salt compound is at least one Selected 
from the group consisting of an ammonium compound, 
an oxonium compound, a Sulfonium compound, a Sele 
nonium compound and a phosphonium compound. 

3. The ink composition for electroStatic ink-jet recording 
of claim 1, 

wherein the onium Salt group-containing polymer has at 
least one group Selected from an ammonium group, an 
OXonium group, a Sulfonium group, a Selenonium 
group and a phosphonium group. 

4. The ink composition for electroStatic ink-jet recording 
of claim 1, 

wherein the charged particle further contains at least a 
coating material that coats the colorant, the coating 
material comprising Said at least one of the onium Salt 
compound and the onium Salt group-containing poly 
C. 

5. The ink composition for electroStatic ink-jet recording 
of claim 4, 

wherein the coating material further comprises a polymer 
having a unit represented by at least one of general 
formulae (1) to (4): 

Formula (1) 

l 
-tcl i 

CO- X1 - R12 

Formula (2) 
- (-CH2- t 

R21 
Formula (3) 

O O 

| | 
- (-C-R-C-O-R-O-- 
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-continued 

Formula (4) 

in which X represents an oxygen atom or -N(R)-; 
R represents a hydrogen atom or methyl, 

R represents a hydrocarbon group having 1 to 30 carbon 
atoms, 

R represents a hydrogen atom or a hydrocarbon group 
having 1 to 30 carbon atoms; 

R represents a hydrogen atom or a hydrocarbon group 
having 1 to 20 carbon atoms, and 

R, R2, and Reach represents a bivalent hydrocarbon 
group having 1 to 20 carbon atoms. 

6. The ink composition for electrostatic ink-jet recording 
of claim 4, 

which has a coating material in an amount of 0.1 to 40% 
by weight. 

7. A method of ink-jet recording, comprising: 

flying an ink droplet of an ink composition by using an 
electroStatic field, 

wherein the ink composition comprises: 

a dispersion medium; and 

a charged particle comprising a colorant, 

wherein the charged particle contains at least one of an 
onium Salt compound and an onium Salt group-con 
taining polymer. 


